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OPTICAL COMMUNICATION DEVICE 
BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to enhanced technology of an optical 
communication device (optical transceiver) to perform optical communication by using light. 

2. Description of Related Art 

[0002] Optical communication to perform information communication by using 
light as a carrier is one communication method which realizes high-speed and high-capacity 
communication. The construction of backbone networks and subscriber- system networks 
utilizing these features has become active in Japan and abroad. A terminal device on the 
subscriber side for the purpose of performing optical communication (for example, a personal 
computer) is provided with an optical communication device as an interface to transmit and 
receive optical signals. 

[0003] A related art optical communication device may include components, such 
as a transmission section to convert an electrical signal carrying transmission information into 
an optical signal and transmitting the signal; a receiving section to convert an optical signal 
carrying received information into an electrical signal; and a connection section (optical 
connector) to optically connect an optical fiber with the transmission section or the receiving 
section. 

[0004] In many optical communication devices, commonly called can packages a 
light-emitting element or a light-receiving element contained inside a metal housing is used. 
Such an optical communication device is disclosed in a document, for example, Japanese 
Unexamined Patent Application Publication No. 1 1-168233. 

[0005] In recent years, the bandwidth of signals used for optical communication has 
begun to reach above several GHz to 10 GHz or higher, even in comparatively small 
networks such as LANs (Local Area Networks), and also in the optical communication 
devices, there has been an increasing demand for higher speed corresponding to such high- 
frequency transmission. 

[0006] However, in an optical communication device using a can package, since the 
section between the can package and an electronic circuit to drive electro optical elements 
(light-emitting elements and light-receiving elements) contained in the can package is 
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connected via metal terminals (metal pins) provided in the can package, transmission loss 
occurs in these metal terminals, and achieving higher speed has been difficult. The reason for 
this is that, since it is difficult to adjust the transmission characteristics, such as the 
characteristic impedance of metal terminals, reflection of the signal due to the impedance 
mismatch occurs in this portion, causing signal transmission to be obstructed. Such a 
problem becomes more conspicuous the higher the frequency of the signal to be transmitted 
becomes, and signal transmission becomes extremely difficult in the case of a high-frequency 
signal of several GHz or higher. 

[0007] Accordingly, an advantage of the present invention is to provide an optical 
communication device suitable to transmit a high-frequency signal. 

SUMMARY OF THE INVENTION 

[0008] To achieve the above-mentioned advantage, the optical communication 
device of an aspect of the present invention includes: a first substrate having a light-emitting 
element or a light-receiving element on one side of the first substrate; a second substrate 
having an electronic circuit to perform operation control of the light-emitting element or the 
light-receiving element; and a flexible substrate which connects the section between the light- 
emitting element or the light-receiving element and the electronic circuit while achieving 
impedance matching. 

[0009] For the flexible substrate, it is easy to adjust the characteristic impedance so 
as to be suitable for the transmission of a high-frequency signal by appropriately selecting the 
shape (the width, the thickness, etc.) of a transmission line and the type of insulator serving as 
a substrate (base). Therefore, the connection of the section between electro optical elements 
(light-emitting elements and/or light-receiving elements) and the electronic circuit by using a 
flexible substrate in which the characteristic impedance is adjusted to a desired value makes it 
possible to avoid signal deterioration by achieving impedance matching of an electrical signal 
with respect to the entire transmission line in the optical communication device, thereby 
realizing an optical communication device suitable for the transmission of a high-frequency 
signal. Furthermore, a can package which has been used in the related art generally requires 
many mounting steps, and moreover it is comparatively expensive. However, since the 
present invention is configured so as not to use a can package, there is the advantage of the 
optical communication device being reduced in cost. 

[0010] The "optical communication device" in this specification includes not only 
devices incorporating the configuration related to transmission of signal light (light-emitting 
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elements, etc.) and the configuration related to reception of signal light (light-receiving 
elements, etc.), but also devices incorporating only the configuration related to transmission 
(commonly called optical transmission modules) and only the configuration related to 
reception of signal light (commonly called optical receiving modules). 

[0011] The first and second substrates are preferably arranged in such a manner as 
to be nearly at right angles to each other. In this manner, since the substrate side of the first 
substrate having light-emitting elements, etc. and the substrate side of the second substrate are 
arranged so as to form an angle of approximately 90 degrees, the optical communication 
device can be reduced in size and made thin. Furthermore, since the degree of freedom of the 
arrangement of the first and second substrates is high due to the flexibility of the flexible 
substrate, in addition to the above-mentioned nearly perpendicular arrangement, various other 
arrangements can be adopted. 

[0012] Preferably, one end portion of the flexible substrate is bonded in such a 
manner as to cover nearly the entire surface of on the side of the first substrate. As a result, a 
large contact area between the flexible substrate and the first substrate can be ensured, and the 
bonding strength thereof can be increased. 

[0013] Preferably, the flexible substrate includes a microstrip line having a flexible 
insulating substrate (insulating base), a signal line arranged on one side of the insulating 
substrate, and a grounding film arranged on the other side of the insulating substrate. The 
microstrip line serves the impedance matching function. The adoption of a microstrip line 
makes the adjustment of the characteristic impedance easier, is effective to reduce crosstalk, 
and allows a high-quality transmission line to be constructed. Furthermore, it becomes 
possible to reduce or prevent electromagnetic radiation from the signal line from leaking 
outside the optical communication device by causing the grounding film (grounding pattern) 
on the other side to have an electromagnetic shielding effect. It also becomes possible to 
avoid an adverse influence on the signal line by external electromagnetic noise. In particular, 
in an aspect of the present invention, since the major portion of the first substrate is covered 
by such a flexible substrate, the electromagnetic shielding characteristics can be increased 
even further. Furthermore, in the related art where a can package is used, in order to avoid 
the occurrence of crosstalk between transmission and reception as a result of electromagnetic 
radiation and reception occurring at metal terminal portions, each of the transmission side and 
the receiving side needs to be covered by a member having an electromagnetic shielding 
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effect, and the reduction of the size of the device is difficult. However, by adopting a 
microstrip line, such an inconvenience can be avoided. 

[0014] Also, preferably, the flexible substrate includes a first microstrip line 
including a flexible insulating substrate, a first signal line arranged on one side of the 
insulating substrate, and a first grounding film arranged on the other side of the insulating 
substrate; a second microstrip line including the insulating substrate, a second signal line 
arranged on the other side of the insulating substrate, and a second grounding film arranged 
on the one side of the insulating substrate. As a result, since the signal line of the 
transmission side and the signal line of the receiving side can be arranged separately on the 
obverse side and the reverse side, respectively, crosstalk characteristics between the 
transmission and reception can be enhanced. 

[0015] More preferably, the first grounding film and the second grounding film are 
arranged in such a manner as to partially overlap each other, with the insulating substrate 
therebetween. As a result, since the grounding potential can be arranged between individual 
signal lines, the crosstalk characteristics between the transmission and reception can be 
enhanced even further. Even in the case where such a configuration is adopted, since the 
flexible substrate can be manufactured at a comparatively low cost, there is the advantage that 
an optical communication device having superior crosstalk characteristics can be realized 
inexpensively. 

[0016] Preferably, the first substrate is formed of a light-transmitting member, and a 
light-emitting surface or a light-receiving surface of the light-emitting element or the light- 
receiving element is arranged so as to face the first substrate. As a result, since the first 
substrate can be made to serve the function of protecting the light-emitting surface or the 
light-receiving surface, the configuration of the optical communication device can be 
simplified. 

[0017] The light-emitting element or the light-receiving element is preferably 
arranged inside an opening of the flexible substrate, which is made to overlap the first 
substrate. As a result, since the circumference of the light-emitting element or the light- 
receiving element can be surrounded by a grounding film, it becomes possible to suppress the 
influence of external noise even more. 

[0018] Also, preferably, the light-emitting element or the light-receiving element is 
preferably arranged on the flexible substrate, which is made to overlap the first substrate. In 
this case, the light-emitting surface or the light-receiving surface of the light-emitting element 
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or the light-receiving element is arranged so as to face the first substrate via an opening 
provided on the flexible substrate. Since the light-emitting element or the light-receiving 
element is arranged (mounted) directly on the flexible substrate, there is no need to form a 
wiring pattern on the first substrate, and thus the manufacturing process can be simplified to 
achieve a lower cost. In particular, in a case where the first substrate is formed of glass, since 
the wiring pattern need not be formed on a glass surface, which is comparatively difficult, the 
manufacturing process can be made easier, which is convenient. Furthermore, since the 
flexible substrate is directly connected to the light-emitting elements, etc., the number of 
connection portions can be decreased, making it possible to transmit a wider bandwidth 
signal. 

[0019] Preferably, the optical communication device further includes a lens to 
collect outgoing light from the light-emitting element or incident light to the light-receiving 
element. As a result, the optical coupling efficiency can be enhanced. 

[0020] The lens is preferably formed integrally with the first substrate. Such a lens 
can be formed using a molding method, such as a 2P (Photo-Polymer) method. As a result of 
using a 2P method, etc., a plurality of lenses are formed collectively with high positional 
accuracy on a large substrate, which is a base body for the first substrate, and thereafter, the 
base body is cut out, thereby making it possible to form a large number of first substrates at a 
time. Thus, it becomes possible to realize a low-cost, highly accurate, compact optical 
communication device. 

[0021] Also, preferably, the first substrate is formed of a non- light-transmitting 
member, and the light-emitting element or the light-receiving element is arranged back-to- 
back with one side of the first substrate so that the light-emitting surface or the light-receiving 
surface is directed toward free space. In this case, since a non-transparent substrate, such as 
an inexpensive glass epoxy substrate having a superior mechanical strength, which is more 
suitable to form a wiring pattern and to mount elements, can be used, it is possible to realize 
an inexpensive optical communication device having superior electrical characteristics and 
superior mechanical characteristics. Also, in this case, the provision of a lens to collect 
outgoing light from the light-emitting element or incident light to the light-receiving element 
is more preferable. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] Figs. 1(A) and 1(B) illustrate a configuration of an optical communication 
device of an exemplary embodiment; 
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[0023] Figs. 2(A) and 2(B) illustrate in detail the structure of a flexible substrate; 
[0024] Fig. 3 illustrates the arrangement of each electro optical element and a 
flexible substrate; 

[0025] Fig. 4 illustrates another exemplary embodiment of the arrangement of each 
electro optical element, a flexible substrate, and a lens; 

[0026] Fig. 5 illustrates another exemplary embodiment of the arrangement of each 
electro optical element, a flexible substrate, and a lens; 

[0027] Fig. 6 illustrates another exemplary embodiment of the arrangement of each 
electro optical element, a flexible substrate, and a lens; and 

[0028] Figs. 7(A) and 7(B) illustrate another exemplary embodiment of the flexible 
substrate. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 
[0029] Exemplary embodiments of the present invention will now be described 
below with reference to the figures. 

[0030] Fig. 1 illustrates a configuration of an optical communication device of an 
exemplary embodiment to which the present invention is applied. Fig. 1 A shows a plan view 
when an optical communication device 100 is viewed from above, and Fig. IB shows a 
sectional view taken along the line A- A shown in Fig. 1 A. The optical communication device 
100 of this embodiment, shown in Figs. 1(A) and 1(B), performs information communication 
via an optical fiber 110 through which signal light is propagated, and the optical 
communication device 100 includes a first substrate 10, a VCSEL (Vertical Cavity Surface 
Emitting Laser) 12, a photodetector 14, a preamplifier 15, a second substrate 16, electronic 
parts 18, a flexible substrate 20, a lenses 22, a sleeves 24, and a housing 26. 

[0031] The first substrate 10 is a flat-plate member made from a material, such as 
glass or a resin, having a light transmittance characteristic to signal light, with the VCSEL 12 
and the photodetector 14 being mounted on one side thereof. As shown in Figs. 1(A) and IB, 
the first substrate 10 is arranged so as to nearly intersect at right angles to the second substrate 
16. 

[0032] The VCSEL 12 is a light-emitting element which emits signal light used for 
information transmission, and is mounted at a predetermined position on one side of the first 
substrate 10. Although in this embodiment, a VCSEL, which is a light-emitting element of a 
surface light-emitting type, is used as a light-emitting element, another light-emitting element 
(for example, a light-emitting element of an edge-emitting type) may be used. 
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[0033] The photodetector 14 is a light-receiving element which receives signal light 
which is sent externally via the optical fiber 110 and which outputs an electrical signal 
corresponding to the intensity thereof, and is provided at a predetermined position on one side 
of the first substrate 10. The preamplifier 15 is mounted in proximity with the photodetector 
14, and converts the output current of the photodetector 14 into a voltage signal. The details 
of the position at which the preamplifier 15 is arranged will be described later. In this 
exemplary embodiment, the input/output impedance of each element, such as the VCSEL 12, 
is 50Q (ohms). 

[0034] The second substrate 16 includes an electronic circuit formed of the 
electronic parts 18 to control the operation of the optical communication device 100, other 
circuit elements (not shown), and a wiring pattern. The second substrate 16 is electrically 
connected to the VCSEL 12 formed on the first substrate 10 via the flexible substrate 20 
bonded at one end thereof. For the wiring pattern on the second substrate 16, impedance 
matching is achieved so as to be suitable for the transmission of a high-frequency signal. At 
the other end of the second substrate 16, a connector to connect to make electrical connection 
with external devices (not shown) is formed. 

[0035] The electronic parts 18 are used to control the operation of the optical 
communication device 100, and are mounted on the second substrate 16. These electronic 
parts 18 include a driver to drive the VCSEL 12, and a limiting amplifier to convert an output 
signal from the photodetector 14 into a digital signal. The input/output impedance of the 
electronic parts 18 is 50Q. 

[0036] The flexible substrate 20 is a flexible film-like wiring substrate (commonly 
called FPC), and connects the section between the VCSEL 12 on one side of the first 
substrate 10 and the electronic circuit on the second substrate 16 while achieving impedance 
matching. This flexible substrate 20 is formed so as to include a transmission line in which 
the characteristic impedance is adjusted so as to be suitable for the transmission of a high- 
frequency signal. In this exemplary embodiment, the characteristic impedance of the 
transmission line is set at 50Q. When a transmission electrical signal is input from the 
connector provided at the end portion of the second substrate 16, the electrical signal is 
converted into a driving signal for the VCSEL 12 by a driver contained in the electronic part 
18, and the driving signal is transmitted to the VCSEL 12 via the wiring pattern on the second 
substrate 16, the flexible substrate 20, and the wiring pattern on the first substrate 10. 
Furthermore, the signal light sent via the optical fiber 1 10 is converted into a very weak 
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electrical current (output signal) by the photodetector 14, and the electrical current is 
converted into a voltage at the preamplifier 15. Thereafter, the voltage is sent to the 
electronic part 18 via the wiring pattern on the first substrate 10, the flexible substrate 20, and 
the wiring pattern on the second substrate 16, after which the voltage is converted into a 
digital signal at the limiting amplifier inside the electronic part 18. Thereafter, the digital 
signal is output to an external device from the connector at the end portion of the second 
substrate 16. The flexible substrate 20 will be described later in greater detail. 

[0037] One of the lenses 22 collects signal light which is emitted from the VCSEL 
12 and which is transmitted through the first substrate 10, and guides the signal light to the 
end surface of the optical fiber 110. Also, other of the lenses 22 collects signal light which is 
sent via the optical fiber 110 and guides the signal light to the light-receiving surface of the 
photodetector 14. The sleeve 24 is a connection section to which one end of the optical fiber 
1 10 is connected, and has the lens 22 incorporated therein. The housing 26 supports 
individual elements which form the optical communication device 100 of this exemplary 
embodiment. 

[0038] Next, the details of the flexible substrate 20 will be described below. 

[0039] Figs. 2(A) and 2(B) illustrate in detail the structure of the flexible substrate 
20. Fig. 2(A) shows a plan view of the flexible substrate 20, and Fig. 2(B) shows a sectional 
view taken along the plane B-B shown in Fig. 2(A). As shown in Figs. 2(A) and 2(B), the 
flexible substrate 20 is bonded in such a manner that the one end portion covers nearly the 
entire surface of the first substrate 10 and the other end portion is bonded to the second 
substrate 16. The flexible substrate 20 has, within the bonded surface on the first substrate 10 
side, an opening 28 at which the VCSEL 12 is exposed, and an opening 30 at which the 
photodetector 14 and the preamplifier 15 are exposed. In this manner, as a result of bonding 
the flexible substrate 20 in such a manner as to nearly cover the entire surface of the first 
substrate 10, a large contact area can be ensured, and the bonding strength thereof can be 
increased. 

[0040] The flexible substrate 20 has a signal line 32 to transmit a driving signal to 
the VCSEL 12 and a signal line 34 to transmit an output signal from the photodetector 14 on 
one side (the obverse surface) of an insulating substrate (insulating base) 31, and has a 
grounding film (grounding pattern) 36 which should be connected to the grounding potential 
on nearly the entire surface on the other side (the reverse surface) of the insulating 
substrate 31. That is, the flexible substrate 20 of this exemplary embodiment includes a 
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commonly called microstrip line, and this microstrip line realizes the impedance matching 
function. 

[0041] More specifically, the characteristic impedance Z0 at the microstrip line can 
be determined by the calculation equation described below if the line width of the signal lines 
32 and 34 is denoted as B, the thickness thereof is denoted as C, the spacing between the 
signal lines 32 and 34 and the grounding film 36 is denoted as H, and the relative dielectric 
constant of the insulating substrate 31 which forms the flexible substrate 20 is denoted as er: 
Z0 = (87/(er + 1.41) 1/2 ) x ln(5.98H/(0.8B + C)) 

[0042] The flexible substrate 20 of this exemplary embodiment is formed in such a 
manner that the characteristic impedance becomes approximately 50Q on the basis of the 
above-described calculation equation. In this manner, as a result of adopting a microstrip 
configuration, the characteristic impedance can easily be adjusted, and a high-quality 
transmission line can be formed. For example, by using polyimide of a relative dielectric 
constant of er = 3.4 as the insulating substrate 31 of the flexible substrate 20 and by setting 
each parameter of the transmission line as B = 0.09 mm, C = 0.012 mm, and H = 0.05 mm, 
the characteristic impedance can be set at approximately 50Q. 

[0043] Furthermore, as shown in Fig. 2, for the signal lines 32 and 34 of the flexible 
substrate 20, conduction is achieved by soldering at the pad on the reverse surface, and the 
signal lines 32 and 34 are connected to the obverse surface via the through hole provided in 
the pad. As a result, it becomes possible to cause the grounding film 36 on the reverse side to 
have an electromagnetic shielding effect so as to prevent electromagnetic radiation from the 
signal lines 32 and 34 from leaking outside the optical communication device 100. Also, it 
becomes possible to avoid an adverse influence on the signal lines 32 and 34 by external 
electromagnetic noise. In particular, in this exemplary embodiment, since the major portion 
of the first substrate 10 is covered by such a flexible substrate 20, the electromagnetic 
shielding characteristics can be increased further. Furthermore, since the circumference of 
each of the VCSEL 12 and the photodetector 14 can be surrounded by a grounding film, it 
becomes possible to suppress the influence of external noise even more. Furthermore, in the 
flexible substrate 20 of this exemplary embodiment, since the microstrip configuration is 
adopted in the manner described above, the electromagnetic radiation is small when 
compared to the case in which a metal terminal exposed to the air as in the can package is 
used, and the need to provide a shielding cover to prevent crosstalk between the transmission 



10 



and reception in the signal lines 32 and 34 is small. In particular, in a case where the 
deterioration of signal quality is permitted by a certain degree as in the case of short-distance 
communication, the shielding cover can be omitted. Therefore, in this exemplary 
embodiment, the shielding cover is omitted. 

[0044] Next, the arrangement of electro optical elements (the VCSEL 12 and the 
photodetector 14) and the flexible substrate 20 is described in detail. 

[0045] Fig. 3 illustrates the arrangement of each electro optical element and the 
flexible substrate 20, and shows in detail the first substrate 10 and the periphery thereof in 
Fig. 1(B) in an enlarged manner. 

[0046] As described above, the first substrate 10 is formed of a light-transmitting 
member, such as glass. As shown in Fig. 3, the light-emitting surface of the VCSEL 12 is 
arranged so as to face one side of the first substrate 10, and the outgoing light from the 
VCSEL 12 is emitted through the first substrate 10. Similarly, the light-receiving surface of 
the photodetector 14 is arranged so as to face one side of the first substrate 10, and the 
incident light to the photodetector 14 enters through the first substrate 10. As a result, the 
first substrate 10 also serves the function of protecting the light-emitting surface of the 
VCSEL 12 and the light-receiving surface of the photodetector 14, thus simplifying the 
device configuration. 

[0047] In this exemplary embodiment, each of the VCSEL 12 and the photodetector 
14, and the preamplifier 15 (see Fig. 2) is mounted with respect to the wiring pattern formed 
on the first substrate 10 by the flip-chip bonding method. Then, between each of the VCSEL 
12 and the photodetector 14, and the first substrate 10, a bonding material (e.g., a transparent 
ultraviolet-ray cured resin) whose refractive index is made to match the material (e.g., glass) 
of the first substrate 10 is injected and cured. This reduces or prevents an influence of return 
light noise due to the reflection on the interface of the first substrate 10. Furthermore, by 
sealing the VCSEL 12 by using a sealing material (potting material) (not shown), 
environmental resistance is enhanced. Furthermore, as shown in Fig. 3, on the other side of 
the first substrate 10, the lens 22 is provided to couple (optical coupling) between each of the 
electro optical elements and the optical fiber 110. As described above, the lens 22 is 
incorporated in the sleeve 24. The sleeve 24 and the first substrate 10 are bonded and fixed 
after alignment adjustment, and furthermore, the sleeve 24 is bonded and fixed to the housing 
26. The alignment of the sleeve 24, and the VCSEL 12 or the photodetector 14 is adjusted by 
a method using an alignment mark (a commonly called passive alignment method) or a 
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method while driving the VCSEL 12 or the photodetector 14 (a commonly called active 
alignment method). 

[0048] In the manner described above, in the optical communication device 100 of 
this exemplary embodiment, since the section between each of the VCSEL 12 and the 
photodetector 14, and the electronic circuit is connected by using the flexible substrate 20 in 
which the characteristic impedance can easily be adjusted so as to be suitable for the 
transmission of a high-frequency signal, it is possible to avoid signal deterioration by 
achieving impedance matching of the electrical signal in the entire transmission line. 
Therefore, it becomes possible to realize an optical communication device suitable for the 
transmission of a high-frequency signal. Furthermore, although the can package which has 
been used in the related art generally requires many mounting steps and is comparatively 
expensive, the optical communication device 100 of this exemplary embodiment is 
configured so as to not use the can package. Thus, there is the advantage that the cost of the 
optical communication device can be reduced. 

[0049] The present invention is not limited to the contents of the above-described 
exemplary embodiments, and various modifications are possible within the spirit and scope of 
the present invention. For example, in addition to the above-described example shown in Fig. 
3, each electro optical element (the VCSEL and the photodetector), the flexible substrate, and 
the lens can be arranged in various ways. 

[0050] Figs. 4 to 6 illustrate additional examples of the arrangement of each electro 
optical element, the flexible substrate, and the lens. 

[0051] In the example shown in Fig. 4, in place of the light-transmitting first 
substrate 10 in the above-described exemplary embodiment, a first substrate 10a formed of a 
non-light-transmitting substrate, such as a glass epoxy substrate, is used. The VCSEL 12 and 
the photodetector 14 are arranged back-to-back with the side of the first substrate 10a on the 
optical fiber 110 side, and the flexible substrate 20 is also bonded to the same side. The light- 
emitting surface and the light-receiving surface of the VCSEL 12 and the photodetector 14 
are directed toward the optical fiber 110 side (that is, free space). In a case where such an 
arrangement is to be adopted, since a substrate, such as an inexpensive glass epoxy substrate 
having a superior mechanical strength, which is suitable to form a wiring pattern and to 
mount elements, can be used, it is possible to realize an inexpensive optical communication 
device having superior electrical characteristics and superior mechanical characteristics. 
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[0052] In the example shown in Fig. 5, in place of the lens 22 in the above- 
described exemplary embodiment, a lens (microlens) 22a that is directly formed on the other 
surface of the first substrate 10 is used. Such a lens 22a can be formed on a side facing the 
surface of the first substrate 10 on which the electro optical elements are mounted by using a 
molding method, such as a 2P (Photo-Polymer) method. As a result of using a 2P method, 
etc., a plurality of lenses 22a are formed collectively with high positional accuracy on a large 
substrate, which is a base body for the first substrate 10, and thereafter, the base body is cut 
out, thereby making it possible to form a large number of first substrates 10 at a time. Thus, 
it becomes possible to realize a low-cost, highly accurate, compact optical communication 
device. 

[0053] In the example shown in Fig. 6, the VCSEL 12, the photodetector 14, etc., 
are arranged on the flexible substrate 20 which is made to overlap the first substrate 10. The 
flexible substrate has an opening at which the light-emitting surface of VCSEL 12 and the 
light-receiving surface of the photodetector 14 is exposed. Signal light is transmitted and 
received through the opening formed in the flexible substrate 20. In a case where such an 
arrangement is to be adopted, since there is no need to form a wiring pattern on the first 
substrate 10, the manufacturing process can be simplified to achieve a lower cost. In 
particular, in a case where the first substrate 10 is formed from glass, since the wiring pattern 
need not be formed on a glass surface, which is comparatively difficult, the manufacturing 
process can be made easier, which is convenient. Furthermore, since the flexible substrate 20 
is directly connected to the VCSEL 12, etc., the number of connection portions can be 
decreased, making it possible to transmit a wider bandwidth signal. Also, in the example 
shown in Fig. 6, similarly to the above-described example shown in Fig. 5, the lens may be 
directly formed on the first substrate 10. 

[0054] In the manner described above, since each of the exemplary embodiments 
shown in Figs. 4 to 6 has features that the arrangement of Fig. 4 is inexpensive, the 
arrangement of Fig. 5 is inexpensive, highly accurate and small sized, and the arrangement of 
Fig. 6 is inexpensive and has a wider bandwidth, an optical communication device can be 
formed by appropriately selecting one of these mounting arrangements according to various 
conveniences, such as the characteristics and the price, required for the optical 
communication device. 
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[0055] By further devising the structure of the flexible substrate, it becomes 
possible to reliably suppress crosstalk between individual transmission lines for transmission 
and reception. 

[0056] Figs. 7(A) and (B) illustrate another example of the structure of the flexible 
substrate. Fig. 7A shows a plan view of a flexible substrate of this example, and Fig. 7(B) 
shows an enlarged, sectional view taken along the plane C-C shown in Fig. 7(A). A flexible 
substrate 20a shown in Fig. 7(A) and 7(B) includes a first microstrip line formed of a signal 
line 32 and a grounding film 40, and a second microstrip line formed of a signal line 34 and a 
grounding film 42. For the first microstrip line, the signal line 32 is arranged on one side of 
an insulating substrate 31a, and for the second microstrip line, the signal line 34 is arranged 
on the other side of the insulating substrate 31a. The grounding film 40 and the grounding 
film 42 are arranged in such a manner as to partially overlap each other, with the insulating 
substrate 31a therebetween, in the central portion of the flexible substrate 20a, and are 
electrically connected to each other via a through hole 44 in the overlapping portion. 

[0057] In this manner, as a result of arranging the signal line 32 on the transmission 
side and the signal line 34 on the receiving side separately on the obverse surface and the 
reverse surface, respectively, and as a result of arranging the grounding potential between 
them, it becomes possible to inexpensively realize an optical communication device having 
extremely good crosstalk characteristics between the transmission and reception. Even when 
the configuration shown in Fig. 7 is to be adopted, since the flexible substrate can be 
manufactured comparatively at a low cost, there is the advantage that an optical 
communication device having superior crosstalk characteristics can be realized at a low cost. 
When the flexible substrate 20a of this example is to be used, some electromagnetic radiation 
may be generated from the signal line 32 arranged outside (the optical fiber 110 side). In that 
case, the housing 26 may be formed by metal having an electromagnetic shielding effect. 

[0058] In the above-described exemplary embodiments, the value of the 
characteristic impedance of the flexible substrate is set at 50Q. Alternatively, another 
characteristic impedance value (e.g., 75Q) may be used. Also, in this case, for the flexible 
substrate, the dimensions of the signal lines may be set so that desired characteristic 
impedance is obtained on the basis of the above-described calculation equation. 

[0059] In the above-described exemplary embodiments, an optical communication 
device including both the configuration related to transmission (the VCSEL 12, etc.) and the 
configuration related to reception (the photodetector 14, etc.) has been described. 
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Alternatively, the present invention can similarly be applied to devices including only the 
configuration related to transmission (commonly called optical transmission modules) or 
devices including only the configuration related to reception (commonly called optical 
receiving modules). 



